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days.
The samples were analyzed for metals, conventional contaminants and a range of organic trace contaminants.
The metals and volatile organic compounds were the dominant contaminants found in the influents.
In the effluents, organic concentrations were close to detectable levels and polyaromatic hydrocarbons were almost never detected. Some influent metal and organic contaminants varied diurnally while others appeared to fluctuate randomly with periodic spike inputs.
The variability of most effluent trace contaminant concentrations was considerably attenuated in comparison to influent concentrations.
Toxic trace contaminants; variability; municipal sewage.
DlTRODUCTIOH
OVer the past decade, regulatory authorities have focussed increasingly upon the control of toxic trace contaminants in treated effluents. Municipal sewage treatment plants (STPs) depend to a large extent on biological processes and were designed to remove conventional contaminants such as BOD and suspended solids. Recent research (Richards and Shieh, 1986) has shown that these biological systems can also achieve a high degree of trace contaminant control when operated under stable conditions and after the microbial biomass has acclimated to the contaminants present in the wastewater. During the operation of full scale STPs, however, the biological processes are exposed to highly variable input loadings of a wide range of trace contaminants. The tolerance and dynamic response of the biological processes to such transient conditions is presently unknown.
A comprehensive literature search (Monteith, 1987) Based on data derived from composited samples, the variability of trace contaminant concentrations in effluents relative to the mean appears to be as great as the relative variability in influents.
An improved und erstanding of the dynamics of industrial discharges to STPs and the response of treatment processes to variable input conditions will assist regulatory authorities in the management of trace contaminants. Accordingly, the development of a management strategy for A small number of trace contaminants were measured to maintain analytical requirements at a manageable level.
The list of candidate trace contaminants was based upon those that were most frequently observed in earlier surveys by other researchers (Burns and Roe, 1982al Hannah and Rossman, 1984) . This included the six COIIDI I only found heavy metals, selected polyaromatic hydrocarbons (PAHs) , phenolic compounds, and volatile chlorinated and non-chlorinated organic compounds.
The metals were measured using inductively coupled plasma (ICP) techniques.
The PARs were analyzed by reverse phase high pressure liquid chromatography (HPLC) with UV and fluoresence detection using the U.S. Environmental Protection Agency (EPA) Method 610 except that samples were extracted with dichloromethane in the field using the method of Baker et al (1987) .
Phenolic compounds were measured by the 4-aminoantipyrine (4AAP) method as described in Standard Methods (APHA, 1985) and the volatile organics using the purge and trap gas chromatographic (GC) procedure with dual electron capture (ECD) and flame ionization detection (FID) according to EPA Methods 601 (purgeable halocarbons) and 602 (purgeable aromatics) .
Excluded from analysis by EPA Method 601 were the low boiling point compounds vinyl chloride, chloromethane, bromomethane, chloroethane, trichlorofluoromethane and 1, 1-dichloroethylene. These compounds are detected infrequently in most scans of raw wastewater and final effluents and, when detected, occur at low concentrations (Monteith, 1987) .
In addition to the aromatics analyzed by EPA Method 602, the xylene isomers were calibrated and analyzed in all samples because their presence has been observed consistently in Ontario wastewater samples (Monteith, 1987) .
The flame ionization detector (GC-FID) only was used for samples from the Waterloo STP due to equipment malfunction.
In view of the difficulties associated with sampling for volatile organic trace contaminants in the field, 30% of the Waterloo samples were duplicated and analyzed by an independent laboratory to provide comparative data.
This high level of quality assurance/quality control (QA/QC) was reduced to 10% of the samples at the other two plants in view of the favorable results from the Waterloo QA/QC program shown in Table 1 . There was very good agreement between the volatiles data which were generated by GC-FID procedures and the QA/QC test data that were produced by GC-MS analysis of samples submitted to the independent laboratory. Based on these QA/QC results, the volatile trace contaminant data were not corrected. Samples were also analyzed for the conventional contaminants, TOC, TSS and TP as described in Standard
Methods (APHA, 1985) to assess plant performance.
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Majority of data were non-detectable. (Table 2) , metals (Table 3) , aromatic volatiles and total phenolics ( Table S) , and chlorinated volatiles (Table   7) . Data were included for those trace contaminants that occurred more than SO% of the time, This is an important consideration in the analysis of trace contaminant data in wastewater treatment systems since very high concentrations can often occur due to analytical error alone. This will tend to bias the arithmetic mean much more than it would bias the geometric mean of a data set.
The percent removal of each contaminant is also presented in these tables.
PAHs were rarely detected at all three STPs. With the exception of phenanthrene at the Waterloo STP, PAHs occurred in the influent for less than SO% of the time and were generally not detected in the effluent.
When detected, influent PAH concentrations were less than S IJg/l. Phenanthrene was detected in 40% of the Waterloo influent samples at concentrations ranging from 0.2 to 4.6 IJg/l. Corresponding analytical recoveries were approximately 32% based on a spiked surrogate.
DISCUSSION
The final effluents from both Waterloo and WeIland STPs were within discharge limitations ( Chronological plots were made of the change in concentration of each trace contaminant during the sampling period. They illustrate a variety of dynamic concentration patterns in influent and effluent streams at each STP. Figures 1 and 2 are examples of such plots for copper and toluene respectively in the influent and effluent at the Waterloo STP.
Copper concentrations in the influent exhibited a diurnal variation but the effluent concentrations varied randomly. Influent toluene concentrations, on the other hand, varied randomly with periodic peaks.
Despite this variability, toluene was removed to detection limits for much of the time. In general, the metal and volatile trace contaminants were more dominant in the influents than the phenolics and PAHs.
In secondary effluents, organic trace contaminant concentrations were reduced to values that were usually near to or at the detection limit.
Geometric mean values for influents and effluents were always lower than arithmetic mean values. Effluent metal trace contaminant concentrations varied uniquely for each metal at a plant and also between plants.
For the most part, the variability of trace contaminants in the influent, as expressed by the relative standard deviation about the mean, was attenuated in the effluent. The overall variability of trace contaminants in the three treatment plant effluents was not large. This is contrary to the experience reported in the literature where it appears that trace contaminant variability relative to mean concentrations is unchanged by the treatment processes (Monteith, 1987) . Most information in the literature, however, is based on short-term sampling stUdies with a small number of data points based on composite samples. This approach may not be appropriate to define the true variability of trace contaminants.
Metal Trace Contaminants
For the metal trace contaminants (Table 3) , Galt displayed the highest variability as might be expected with the largest industrial contribution of the three STPs. Metal concentrations of up to 1 mg/l were observed in the influent to the Galt STP on several occasions. Effluent metal variability was lower than the influent variability in most cases. Mean concentrations for copper and cadmium in the three plants were similar to those reported by other surveys of full scale STPs, but they were much lower for the other four metals (Burns and Roe, 1982b; Hannah and Rossman, 1982; Lester, 1983; Neilsen and Hrudey, 1983) . In the case of nickel at Galt, the effluent values were influenced by a short-term peak in the influent during the sampling period resulting in an extended washout period for the metal which produced a negative removal value. Cu CONC. VS. TIME
WATERLOO WI'CI' (2 HOUR SAMPLE INTERVALS)

' ,---------------------�------------,, ��------------_, 24
2 W 2400 T 2400 F 2400 S 2400 S 2400 iii 2400 T 2400 W 2400 T DATE/TlIiIE (JUL 2-10)
Fiq. 
TOLUENE CONC. VS TIME WATERLOO WPCP.(2 HOUR SAMPLE INTERVALS) M ,----------------------------------------------------
TOLUENE CONC. VS TIME WATERLOO WPCP.(2 HOUR SAMPLE INTERVALS)
r--1
W 2400 T 2400 r 2400 S 2400 S 2400 W 2400 T 2400 W 2400 T DATE/TIII E (JUL 2-10)
---EFFW ENT CONC. The magnitude of the mean concentrations of metals in the influent appeared to follow the same order, regardless of the nature of the industrial input.
The observed order, from highest to lowest, was: zinc, copper, chromium, nickel, lead and cadmium. Approximately the same concentration of a metal was observed at Waterloo which received the lowest industrial contribution, as was observed at Galt, which received the highest industrial contribution (Table 4) . Metal concentration data for WeIland were lower than for the other STPs in view of the dilute nature of the influent. The corresponding effluent metal concentration data did not exhibit exactly the same ordered behaviour although the trend was the same for the metals occurring at the highest (zinc) and at the lowest (lead and cadmium) mean concentrations.
These observations were made for a small sample size. The trend should be confirmed by additional data. Some U.S. data reported by Monteith (1987) lend support to these observations. As in the case of metal trace contaminants, Galt showed the highest influent variability in aromatic volatile trace contaminants (Table 5) .
Although mean values of these volatile trace contaminants in the influent were an order of magnitude lower than for the metal trace contaminants, the variability was considerably higher particularly for toluene, p,m-xylene, o-xylene and ethyl benzene, and similar to values reported in the literature (Monteith, 1987) .
In most cases, effluent variability was lower than influent variability in terms of RSD values.
Except for p,m-xylene and o-xylene for which there are few reported data, the influent mean concentrations of total phenolics and aromatic volatile trace contaminants were much lower than reported in the literature (Melcer, 1986) . For the most part, the concentrations of the probably because all effluent data were very near to detection limits, a level at which it is difficult to discern any significant differences. volatile trace contaminants were at least an order of magnitude lower than for the metal trace contaminants, although the variability was of the same order. Effluent variability was lower than influent variability in most cases. The influent mean concentrations of the chlorinated volatile organic trace contaminants were much lower than reported in the literature (Melcer, 1986) • Dichloromethane occurred in almost all samples at all three plants at concentrations similar to those reported in the literature (Monteith, 1987) . It is used as the extracting solvent in the analytical protocol for U.S. EPA priority pollutants and can occur as a contaminant in laboratory glassware. Therefore, data for dichloromethane have been omitted from this presentation in view of the uncertainty of its occurrence. The concentrations of the chlorinated volatile trace contaminants in the effluents were reduced to values near to or at detection limits. It was not possible to discern whether this removal was attributed to degradation or stripping because no air samples were taken.
Geometric mean values for influents and effluents were nearly always lower than correspond ing arithmetic mean values.
Unlike the metal or aromatic volatile trace contaminants, there was no consistency in the order of chlorinated volatile trace contaminants based on mean concentrations due, in part, to the low concentrations usually encountered at the three plants.
Geometric mean values for trace contaminant concentrations reported in this study were generally lower than corresponding arithmetic means. Removal of trace contaminants based on arithmetic means may appear, tlherefore, to be greater than those based on geometric means. Care is required in reporting trace contaminant data in the event that removals are overestimated.
Trace contaminant data may be more appropriately described by a non-normal distribution function and average values as geometric means.
Further IIlOrk is ongoing in which correlations between trace contaminant variability in the influent and in the effluent are being investigated. Bench-scale activated sludge systems are being studied to determine their response to random perturbations of trace contaminants.
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Metal and volatile organic contaminants were the dominant trace components of influents to the three municipal sewage treatment plants investigated. They did not appear to be related to the type of industrial wastewater contribution to the plants. Polyaromatic hydrocarbons were rarely found in influents and effluents at the three treatment plants.
In most cases, the variability of trace contaminants in the influent was attenuated in the effluent.
Concentrations of volatile organic trace contaminants and most of the metal trace contaminants were lower than reported in the literature despite their variability in the influent.
The metal and aromatic volatile trace contaminants appeared to follow a defined order of occurrence in the influents to all three treatment plants.
A similar trend appeared to be true in the effluents for the metals.
